The compounds 5-bromopyrimidine (3) and bis(tributylstannyl)acetylene (4) are commercially available from Sigma-Aldrich. All other starting materials were purchased from Fluka, Alfa Aesar and Strem Chemicals and were used as received without further purification. The synthesis of 5,10-dibromo-1,3-diphenyl-2H-cyclopenta[l]phenanthren-2-one 6, and 6,11-dibromo-1,2,3,4-tetraphenyltriphenylene 1 is described elsewhere R1 . Figure S1a shows the one-step synthesis of compound 5. In a dry and inert schlenk flask, a mixture of 3 equivalents of 5-bromopyridine 3 (11.05 g, 69.52 mmol), 5-mol% of Pd(PPh 3 ) 2 Cl 2 (0.81 g, 1.15 mmol), 10-mol% of Cu(I) (0.44 g, 2.31 mmol), 10-mol-% of PPh 3 (0.60 g, 2.31 mmol) and 2 equivalents of CsF (7.04 g, 46.34 mmol) were dissolved in DMF (140 mL, anhydrous, argon bubbled). One equivalent of Bis(tributylstannyl)acetylene 4 (14.00 g, 12 mL (d: 1.147), 23.17 mmol) was added dropwise via a syringe and warmed to 45 °C in a preheated oil bath. The reaction was stirred for two days, quenched with 80 mL water and 200 mL dichloromethane (DCM). The mixture was filtered through Celite (800 mL, DCM:EtOAc (ethyl acetate) = 1:1). The organic layer was separated and dried over MgSO 4 . Evaporation of solvents and chromatography on silica gel with hexane: EtOAc (1:3) afforded compound 2 (4.0 g, 95 %) as colorless crystalline material.
Synthesis of 1,2-di(pyrimidin-5-yl)ethyne (5).
Synthesis 5,5'-(6,11-dibromo-1,4-diphenyltriphenylene-2,3-diyl)dipyrimidine (2). Figure S1b shows the synthetic route of compound 2. A solution of 5,10-dibromo-1,3-diphenyl-2H-cyclopenta[l]phenanthren-2-one 6, recrystallized out of pyridine, (1 g, 1,9 mmol) and 1 equivalent of 1,2-di(pyrimidin-5-yl)ethyne 5 (0.37 g, 1.9 mmol) in diphenylether (8 ml) was placed in a microwave tube and purged with argon before sealing. The reaction was carried out in a CEM Discover microwave oven at 300 W in safe temperature mode, allowing to reach 300 °C two times. Chromatography on silica gel with hexane: DCM (1:1) first and pure EtOAc afterwards gave compound 2 (0.33 g, 25 %). Heterostructures were synthesized by alternating deposition of the pristine monomers 1 and the nitrogen substituted monomers 2 onto a Au (111) held at 200 °C, followed by annealing to 420 °C to induce cyclodehydrogenation. Due to rapidly alternating precursor deposition, heterostructures with many short segments containing few monomers can easily be identified. STM dI/dV maps were recorded at energies in the conduction band (Fig. 4) and valence band regions ( Supplementary Fig. 4) . From Fig.   4 , we derived a conduction band offset of ~ 0.5 eV across the heterojunctions. Supplementary Fig. 4 shows dI/dV maps of p-N-GNR heterostructures in the valence band region, and the corresponding STM images. Upon going to more negative bias voltages, electronic states first appear on p-GNR segments (-0.85 eV) and then also on heterojunctions, which is in good agreement with the calculations shown in Fig. 3 . Supplementary Figure 5 gives a summary of the VBM and CBM positions determined from the dI/dV mapping results shown in Supplementary Fig. 3 , Fig. 4 and Supplementary Fig. 4 . The vertical axis gives the bias values of the dI/dV maps. The letters in the left and right red rectangle refer to the corresponding panels in Supplementary Fig. 3 , those in the central red rectangle to Fig. 4 (upper half, conduction band region) and to Supplementary Fig. 4 (lower half, valence band region). They indicate the bias voltages at which the corresponding dI/dV maps were taken.
S2. Single crystal X-ray structure analysis

S6. Summary of valence and conduction band positions derived from dI/dV maps
S7. DOS and electrical conductance of heterostructures
Supplementary Figure 6 | DOS and electrical conductance of heterostructures. a, Transport device built from the heterostructure of p-GNR and N-GNR. The left (right) electrode is the semi-infinite p-(N-)GNR in the left (right) direction. b, Densities of states of the heterostructure (red solid line), p-GNR (gray dashed line) and N-GNR (blue dashed line). c,
Electrical conductance of the heterostructure (red solid line), p-GNR (gray dashed line) and N-GNR (blue dashed line). Fermi level of the heterostructure is set at 0 eV. d, Transport device with the N-GNR as the central scattering region and p-GNRs as both electrodes. e,
Densities of states of the heterostructure (red solid line) and p-GNR (gray dashed line). f,
Electrical conductance of the heterostructure (red solid line) and p-GNR (gray dashed line).
The Fermi level of the heterostructure is again set at 0 eV.
For a better understanding of the nitrogen doping effects on GNRs, localized-orbital density functional theory (DFT) calculations have been performed with SIESTA R2 on the heterostructures shown in Supplementary Fig. 6a & d, within the generalized gradient approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) exchangecorrelation functional R3 . A real-space mesh equivalent to a plane-wave cutoff energy of 250 Ry and the Γ-point sampling in the Brillouin zone R4 were used. The size of the unit cell along the periodic direction was sufficiently large (in excess of 6 nm) for the Γ-point sampling to yield converged results. The basis set was composed of doublezeta with single polarization (DZP) orbitals, with an energy shift of 50 meV R5 . All atoms were relaxed until the residue forces were all below 0.04 eV/Å. After reaching the equilibrium, the converged Hamiltonians and overlap matrices were cast in a format suitable for electronic transport and density of states calculations within the non-equilibrium Green's function (NEGF) formalism framework R6,R7 .
As shown by the blue dashed line of Supplementary Fig. 6b , the density of states Consequently, the heterostructure made of p-GNR and N-GNR segments presents a band offset, leading to a reduced electronic band gap of 1.05 eV (red solid line in Supplementary Fig. 6b ). To further study the band alignment effects and determine the transport gap, electronic transport calculations have been carried out, as shown in Supplementary Fig. 6c . For an electron with a given energy to transfer through the heterostructure (i.e. non-zero electrical conductance), both p-and N-GNRs are required to have non-zero DOS at such energy. Hence, the band alignment induced by nitrogen doping increases the transport gap of the heterostructure to 2.02 eV (red solid line in Supplementary Fig. 6c ). Compared to the electrical conductance of both p-and N-GNRs (gray and blue dashed lines in Supplementary Fig. 6c respectively) , the heterostructure has an overall decreased electrical conductance (due to nitrogen scattering) and larger transport gap. We have also studied the other heterostructure, the N-GNR segment sandwiched by p-GNR segments ( Supplementary Fig. 6d ), and similar conclusions can be made, as shown in Supplementary Figs . 6e & f.
at ~397 cm -1 R15 , we have verified that the transferred GNRs are unaltered and that the transfer results in a homogeneous coverage on the target substrates ( Supplementary   Fig. 10 ). 
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